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(54) WELL UNIT FOR DETECTING CELL CHEMOTAXIS AND SEPARATING CHEMOTACTiC CELLS 



(57) The present invention aims at providing a well 
unit to be used in fabricating an apparatus whereby 
movements of cells based on their own actions can be 
accurately and easily detected , in detecting the chem- 
otaxis of celts due to a chemotactic factor or the inhibi- 
tion of the chemotaxis of cells by an inhibitor. 

Accordingly, the present invention provides a well 
unit to be used in an apparatus for detecting chemotaxis 
of cells and separating cells characterized in that a plural 
number of wells, in which a liquid sample can be held In 



a resting state, are connected to each other via a chan- 
nel, the channel is provided with a bank, and, in the up- 
per part of the bank, barriers constituting one or more 
grooves having a width and/or a depth fit for the dianrt- 
eter or deformability of cells are provided or a plane is 
provided so as to give a gap having a depth fit for the 
diameter or deformability of ceils between the plane and 
the glass substrate. 
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Description 

Technical Field 

[0001] This invention relates to a well unit to be used 
in an apparatus forjudging whether or not cells can mi- 
grate in a definite direction by their own actions, observ- 
ing the state of cells migrating In a definite direction by 
their own actions, or counting cells having migrated in 
a definite direction by their own actions (i.e., an appa- 
ratus for detecting chemotaxis of cells) and an appara- 
tus for separating cells based on the selective migration 
of cells In a definite direction by their own actions. 

Background Art 

[0002] It has been a practice to use a Boyden cham- 
ber as an apparatus for detecting chemotaxis of cells in 
vitro. This apparatus has a structure partitioned Into an 
upper chamber and a lower chamber by a filter having 
pores (diameter 3 to 8 fim) through which cells can 
pass. A cell suspension is put into the upper chamber 
while a specimen solution containing a chemotactic fac- 
tor is put into the lower chamber. Then cells migrating 
toward the chemotactic fector through the filter or cells 
appearing on the back face of the filter are counted. In 
this apparatus which is most commonly employed today, 
it is necessary to use 1/4 to 1/20 ml of a cell suspensk)n 
having a concentration of 1 x 10^ celts/ml, l.e., corre- 
sponding to at least 5 x 10^ cells. Although there scarce- 
ly arise any problems in case of analyzing cells which 
can be obtained in large quantities, it is highly laborious 
to obtain a necessary amount of cells occum'ng at a very 
limited level, for example, eosinophils contained In an 
amount of about 1 to 5% in peripheral leukocytes, ba- 
sophils contained In an amount of 1% or less therein, or 
monocytes contained in an amount of at)out 1 to 2% 
therein. In case of using a small animal such as a 
mouse, blood can be collected in a highly limited 
amount, i.e., about 1.0 ml per animal at the largest 
Moreover, cancer cells and some of cells existing in tis- 
sues can be hardly obtained in a targe amount and it is 
therefore desired to examine the characteristics of these 
cells in microquantities. Furthermore, the Boyden cham- 
ber suffers from an additional problem that cells in the 
course of migration cannot be observed or counted 
thereby. 

[0003] There have been marketed slide glass plates 
for qualitative analyses by which chemotaxis of cells can 
be observed at a level of several individuals. In such a 
slide glass plate, two grooves (wells) of 4 mm in width, 
25 mm in length and 1 mm in depth are formed in both 
sides of a bridge (channel) of 1 mm in width on a glass 
slide (25 X 75 mm. 2 mm in thickness) for microscopes. 
Namely, two wells are connected to each other via the 
channel. A cell suspension is put into one well and a 
specimen solution containing a chemotactic factor is put 
into the other well. After covering with a glass plate, cells 



migrating from one well to the other well across the 
channel are observed. In this case, however, it is not 
assumed that the bridge forms a gap fitting for the di- 
ameter or derformability of the cells. Also, no groove 

5 through which the cells pass is formed in the channel. 
In addition, each welt has a capacity of 100 p.1. That is 
to say. it is needed to use at least 1/10 ml of a cell sus- 
pension per well. Also, there has been mariceted anoth- 
er chemotaxis chamber having a similar structure in 

10 which two grooves (wells) are concentrically formed on 
a slide glass plate and a bridge (channel) is provided 
between these grooves (Dun Chemotaxis Chamk)ertg) 
manufactured by Waber Scientific) . In this case, a cell 
suspension is put into the inner well while a specimen 

15 is put into the outer well. After covering with a glass 
plate, cells passing through the channel are microscop- 
ically observed. The channels are located lower by 20 
^m than the cover glass and cells pass through the gap 
between them. The distance between the channel plane 

20 and the cover glass is set regardless of the diameter or 
deformability of cells and the channels have no grooves 
through which cells pass. 

[0004] To measure blood rheok)gy, Kikuchi et al. have 
proposed an apparatus having channels provided with 

25 a plural number of microgrooves formed on the surface 
of a single-crystal silicon substrate by using semicon- 
ductor fabrication techniques (Kikuchi, et. al., SPIE Vol. 
2978. 165-171 (1997); Kikuchi, et. al., Microvascular 
Research. Vol.44. 226-240 (1992); Kikuchi, et. al., Seib- 

30 utsu Butsuri (Biophysics), Vol.214. 254-258 (1997)). In 
this apparatus, it is intended to make a bkxxl cell sus- 
pension flow due to a difference In pressure between 
t)oth sides of the channel thereby observing and study- 
ing the blood flow. Although behaviors can be observed 

35 thereby at the cellular level, no structure for observing 
or measuring migration of blood cells by their own ac- 
tions is employed in this idea. 
[0005] Japanese Patent No. 2532707 has disclosed 
a blood circuit wherein targe grooves each having an 

^ entrance port at one end and an exist port at the other 
end are formed in parallel and baniers partitioning these 
grooves are provkled with microgrooves, by which the 
targe grooves are connected to each other, orthogonally 
to the lines connecting the entrance ports to the exist 

45 ports. In this circuit, a blood sample is flown In one of 
the large grooves while a specimen containing a chem- 
otactic factor is flown in the other groove. Then a portion 
of the bk)od sample is introduced into the microgrooves 
(channels) and cells passing through the microgrooves 

50 (channels) are detected to thereby examine the move- 
ments and functions of the cells or observe and measure 
the mobility thereof. Since flows in which the blood sam- 
ple and the chemotactic factor-^ntalning specimen are 
circulated are formed by the large grooves, this circuit 

55 has no well in which the blood sample or the chemotactic 
factor-containing specimen is contained In a resting 
state. In addition, the blood sample and the chemotactic 
factor-containing specimen are required each in a con- 
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siderably large amount. Accordingly, this apparatus is 
unsuitable for studying movements of cells by their own 
actions with the use of microsamples. 
[0006] There has been also known a blood filter 
wherein cells in blood are passed thorough micro- 
grooves and thus the state of the blood cells during pas- 
sage Is observed (Japanese Patent No. 2685544). This 
filter consists of a first substrate made of a silicone sub- 
strate having microgrooves on the surface and a second 
substrate having a plane jointed to the surface of the 
first substrate. Blood celts pass through a space formed 
by the grooves of the first substrate at the interface of 
these substrates. To make the fk>w of blood cells in the 
microgrooves. it is needed to apply an external force by 
pressurizing, sucking, etc. Accordingly, the flow of the 
cells by their own actions cannot be observed by this 
apparatus. Namely, this apparatus has no well in which 
a blood sample or a specimen solutk)n is contained in 
a resting state. 

[0007] To fractionate cells depending on functional 
properties such as cell membrane hardness or cell de- 
formability, there have been also known apparatuses by 
which cells to be fracttonated are passed thorough 
channels having a large number of microgrooves to 
thereby divide the cells into passable ones and non- 
passable ones. For example, Japanese Patent No. 
2685119 has proposed an apparatus wherein channels 
having different groove widths are formed in two stages 
for the multistage fractionation of cells. However, a so- 
lutbn containing ceils is migrated under elevated pres- 
sure in this apparatus and thus migration of cells by their 
own actions cannot be understood thereby. 
[0008] Moreover, there has been known a laminated 
microchannel array apparatus wherein substrates hav- 
ing channels provided with microgrooves are piled up 
each other so as to enable the fittratton and fractionation 
of a large amount of a cell suspension (Japanese Patent 
Laid-open No. 165062/1999). However, a solution con- 
taining cells is migrated under elevated pressure in this 
apparatus too and thus migratton of cells by their own 
actions cannot be understood thereby. 

Disclosure of the Invention 

[0009] The present invention aims at providing a well 
unit to be used in an apparatus whereby movements of 
cells based on their own acttons can be accurately and 
easily detected, in case of detecting the chemotaxis of 
cells due to a chemotactic factor or the inhibition of the 
chemotaxis of cells by an inhibitor. The term "move- 
ments based on their own actions" as used herein 
means that cells migrate by their own actions without 
being affected by, for example, pressure. This is an im- 
portant factor in examining and confirming the effect of 
a chemotactic factor at a high reliability. To accurately 
detect such movements of cells by their own actions, it 
is highly required that the cells are brought together in 
the vicinity of channels and aligned in the flow direction 



of the cells before the initiation of the migration. Howev- 
er, there has been known no well unit structure by which 
the above-described situation can be established in mi- 
crowells. 

5 [001 0] The present invention further aims at providing 
a well unit to be used In an apparatus for detecting the 
chemotaxis of cells by using cell samples in mlcroquan- 
tities. In addition, the present invention aims at providing 
a well unit to be used in an apparatus for efficiently 

10 searching for a chemotactic substance and an inhibitor 
thereof with the use of a large number of specimens at 
once. The present inventk)n furthemiore aims at provki- 
ing a well unit to be used in an apparatus for separating 
and collecting specific cells from a liquid mixture con- 

15 taining cells of plural types. 

[001 1] Accordingly, the present invention relates to a 
well unit to be used in an apparatus for detecting chem- 
otaxis of cells and separating cells characterized in that 
a plural number of wells, in which a liquid sample can 

20 be held in a resting state, are connected to each other 
via a channel, the channel is provided with a bank, the 
wells are formed so as to tightly bond to a glass sut>- 
strate, and, in the upper part of the bank, barriers con- 
stituting one or more grooves having a width and/or a 

25 depth fit for the diameter or deformabllity of cells are pro- 
vided, or a plane is provided so as to give a gap having 
a depth fit for the diameter or deformabllity of cells be- 
tween the plane and the glass substrate; and to the well 
unit as described above characterized in that a plural 

30 number of wells, in which a liquki sample can be held in 
a resting state, are connected to each other via a chan- 
nel, the channel is provided with a bank and. In the upper 
part of the bank, barriers constituting one or more 
grooves having a width and/or a depth fit for the dlan>- 

35 eter or deformability of cells are provided. By providing 
the bank or by providing these barriers constituting the 
grooves, it Is possible to easily bring together the cells 
held in the wells in the vicinity of the channel and align 
them in the flow direction of the ceils before the initiation 

40 of migration. This effect can be further enhanced by em- 
ptoying a structure wherein a barrier for restricting the 
migration of the celts In the step of aligning the cells 
along the start line is formed orthogonally to the direction 
toward the opposite well, or a barrier for restricting the 

45 migration of the cells in the step of aligning the cells 
atong the start line is fbnrned in parallel to the array of 
the barriers. 

[0012] In this welt unit, a plural number of wells may 
be connected in series to each other each via a channel. 

50 Altematively, a plural number of wells may be connected 
to a single well each via a channel. Alternatively, among 
a plural number of wells connected to a single well each 
via a channel, at least two wells are connected to an- 
other common well each via a channel. 

55 [0013] A plural number of wells as described above 
are welts holding a cell suspension and wells holding a 
solution containing a chemotactic factor. Alternatively, 
these wells are wells holding a cell suspension, wells 
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holding a solution containing a chentotactic factor, and 
wells holding a solution containing a chemotactic factor 

inhibitor. 

[0014] In the well unit according to the present inven- 
tion, it is also possible to provide a wall orthogonal to s 
the channel in one or both of wells connected to each 
other via the channel to thereby restrict the amount of 
the liquid in the vicinity of the channel. In this welt unit, 
moreover, a terrace may be formed to one or both of the 
walls fomied orthogonally to the channel. 
[001 5] It is also possible to give a screen-positioning 
mark for detecting cells on any point in the upper part of 
a bank in the well unit according to the present invention. 
Furthemiore, a multistage bank may be formed in the 
channel. *5 
[001 6] In the well unit according to the present inven- 
tion, the grooves formed in the channel may be connect- 
ed to each other via one or more grooves orthogonal to 
the direction toward the opposite well. Alternatively, it is 
also possible that the width of a plural number of 20 
grooves in the direction toward the opposite well in the 
channel is changed stepwise each time the grooves in- 
tersect one or more grooves orthogonal thereto, or a plu- 
ral number of grooves in the direction toward the oppo- 
site well in the channel are formed by mutually shifting 2S 
the positions thereof each time the grooves intersect 
one or more grooves orthogonal thereto. 
[0017] In the channel in the well unit according to the 
present invention, it is also possible that terraces are 
formed in the front and the rear of an array of barriers 30 
constituting one or more grooves having a width and/or 
a depth fit for the diameter or deformability of cells in the 
channel and the terrace in the cell fkiw directk)n is longer 
than the other tenrace. 

[0018] In the channel in the well unit according to the 35 
present inventton, a terrace may be formed at the center 
in the channel, an^ys of walls constituting one or more 
grooves having a width and/or a depth fit for the diam- 
eter or deformability of cells may be formed at two po- 
sitions in both skies of the terrace, and, if desired, ter- ^ 
races may be further fbnmed outside the bamer anrays. 
[0019] It is also possible to refer each of the well units 
as described above to as a single unit and integrate a 
plural number of units of one or more types to thereby 
give a well unit for detecting chemotaxis of cells and sep- 
arating cells. 

Brief Description of the Drawings 

[0020] 50 

' Fig. 1 is a sectional view which shows an example 
of the mode of using the well unit according to the 
present invention. 

Fig. 2 is a top plan view which shows an example 55 
of the well unit according to the present invention. 
Fig. 3 Is a sectional view which shows an example 
of the mode of using the well unit according to the 



present invention. 

Fig. 4 is a top plan view which shows an example 
of the well unit according to the present invention. 
Fig. 5 shows another example of the mode of using 
the well unit according to the present invention, 
wherein (1) is a sectional view of an apparatus; and 
(2) is a top plan view which shows an example of 
the well unit according to the present invention. 
Fig. 6 shows another example of the mode of using 
the well unit according to the present invention, 
wherein (1) is a sectional view of an apparatus; and 
(2) is a top plan view which shows an example of 
the well unit according to the present invention. 
Fig. 7 shows an example of the well unit according 
to the present invention wherein three wells are 
connected in series to each other each via a chan- 
nel. 

Fig. 8 shows an example of the well unit according 
to the present inventton wherein three wells having 
penetrating holes are connected in series to each 
other each via a channel. 

Fig. 9 shows an example of the well unit according 
to the present invention wherein a plural number of 
wells are connected to a single well each via a chan- 
nel. 

Fig. 1 0 shows an example of the well unit according 
to the present invention wherein a plural number of 
wells are connected to a single well each via a chan- 
nel and the wells have penetrating holes. 
Fig. 11 shows an example of the well unitacoording 
to the present invention wherein a plural number of 
wells having penetrating holes are connected to a 
single well each via a channel. 
Fig. 12 shows an example of the well unit according 
to the present invention wherein a plural numt>er of 
wells are connected to each other each via a chan- 
nel around a single well as located at the center, 
thereby fomning a circular structure as a whole. In 
this figure, the wells have penetrating holes. 
Fig. 1 3 shows an example of the well unit according 
to the present invention wherein a plural number of 
wells are connected to each other each via a chan- 
nel around a single well located at the center, there- 
by fomning a circular structure as a whole. 
Fig. 14 shows an example wherein a plural number 
of wells are connected to each other each via a 
channel around a single well located at the center 
and, among these wells, each couple of wells are 
connected to another common well each via a chan- 
nel. In this figure, the wells have penetrating holes. 
Fig. 15 shows an example of the well unit having 
walls provided orthogonally to the channel. 
Fig . 1 6 shows other examples of the well unit having 
walls provided orthogonally to the channel. 
Fig. 17 shows an example of the channel structure. 
Fig. 18 shows another example of the channel 
structure. 

Fig. 19 shows an example of the arrangement of 
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barriers in the channel wherein the arrow shows the 
direction toward the opposite well. 
Fig. 20 is a sectional view of the barrier arrange- 
ment shown by Fig. 19. 

Fig. 21 shows an example wherein grooves In the 5 
direction toward the opposite well across the chan- 
nel are connected to each other via another groove 
formed orthogonally thereto. In this figure, each ar- 
row shows the direction toward the opposite well. 
Fig. 22 shows an example wherein grooves in the fo 
direction toward the opposite well across the chan- 
nel are connected to each other via grooves formed 
orthogonally thereto. In this figure, the arrow shows 
the direction toward the opposite well. 
Fig. 23 shows an example wherein grooves in the is 
direction toward the opposite well across the chan- 
nel are connected to each other via two grooves 
formed orthogonally thereto and the width of the 
grooves in the direction toward the opposite well is 
changed stepwise each time the grooves intersect 20 
the grooves orthogonal thereto. In this figure, each 
arrow shows the direction toward the opposite well. 
Fig. 24 shows an example of the nfiodification of the 
well unit of Fig. 8 in which the barriers have the 
same size but are changed in number. I n this figure, 25 
the arrow shows the direction toward the opposite 
well. 

Fig. 25 shows an example wherein grooves in the 
direction toward the opposite well across the chan- 
nel are connected to each other via three grooves 30 
formed orthogonally thereto and the grooves in the 
direction toward the opposite well are fomned by 
mutually shifting the positions thereof each time the 
grooves intersect the grooves orthogonal thereto. 
In this figure, the grooves shift by 1/2 pitch toward 35 
the orthogonal direction. Each arrow shows the di- 
rection toward the opposite well. 
Fig. 26 shows an example wherein baniers are 
jointed in the direction toward the opposite well. In 
this figure, each arrow shows the direction toward <o 
the opposite well. 

Fig. 27 shows an example wherein terraces are 
formed on both side of the array of barriers and one 
of the terrace is longer than the other. In this figure, 
the arrow shows the direction toward the opposite 
well. 

Fig. 28 shows an example wherein a terrace is 
fomned at the center of a bank and arrays of barriers 
are formed at two positions in both sides of the ter- 
race. 50 
Fig. 29 shows an example of the well unit having 
walls formed orthogonally to channels wherein a 
terrace is formed to the walls in the channel. 
Fig. 30 shows another example of the well unit hav- 
ing walls formed orthogonally to the channel where- ^ 
in a terrace is formed to the wall in the channel. 
Fig. 31 shows an example of the well unit having a 
wall fonned in exclusively one of wells wherein a 



terrace is formed to the wall in the channel. 

Fig. 32 shows an example wherein a multistage 

bank is formed in the channel. 

Fig. 33 shows an example of an integration of mul- 
tiplicity of units wherein the units are all in the same 
type. 

Fig. 34 shows an example of an integratton of mul- 
tiplicity of units wherein the units are all in the same 
type. 

Fig. 35 shows an example of an integration of mul- 
tiplicity of units wherein the units of Fig. 15 are in- 
tegrated. 

Fig. 36 shows an example of an integratton of mul- 
tiplicity of units wherein the units are integrated cir- 
culariy. 

Fig. 37 shows an example of an integration of mul- 
tiplicity of units wherein the units are in different 
types. 

Fig. 38 shows an example of a process for con- 
structing a channel and wells. 
Fig. 39 shows an example of the fabrication of an 
apparatus for detecting chemotaxis of cells and 
separating chemotactic ceils wherein (1) provides 
perspective views of indivkjual parts and (2) pro- 
vides secttonal views corresponding thereto. 
Fig. 40 shows an example wherein an obstacle is 
formed on a bank to thereby restrict cell migration. 

[Description of the Reference Numerals and Signs] 

[0021] 

1: channel. 

2: well. Appendixes A. B, B^^ and C are provided 
to differentiate the wells (the same applies herein- 
after). 

3: tube for injecting/collecting samples. Appendix a 
represents a penetrating hole corresponding to a 
tube 3. Appendix b represents the top end of the 
tube 3. 

4: tube for avoiding increase/decrease in pressure 
at injecting/collecting samples. Appendix a repre- 
sents a penetrating hole corresponding to a tube 4. 
Appendix b represents the top end of the tube 4. 
5: groove in the direction toward the opposite well 
across channel. 
6: k)arrier. 
7: substrate. 
8: glass substrate. 

9: block having tube mounted thereto. 
10: bank. 

11, 11.1 (04: terraces. 

12: groove orthogonal to the groove 5. 

13: detector. 

14: wall formed orthogonally to channel. 

1 5: space held together by the top ends of the tubes 

3 and 4. 

16: packing. 
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17: cover cap. 
18: 0-ring. 

19: guide pin receiver hole. 

20: guide pin. 

21: intermediate base. s 
22: bottom base. 
23: mark for screen positioning. 
24: obstacle. 

Best Mode for Carrying Out the Invention 

[0022] The welt unit to be used in an apparatus for 
detecting chemotaxis of cells and separating chemotac- 
tic cells according to the present invention has a struc- 
ture wherein a plural number of wells are jointed and 
connected to each other via a channel. The term "well" 
as used herein means a container in which a cell sus- 
pension or a sample solution containing, for example, a 
chemotactic factor or a chemotactic factor inhibitor is 
held. The term "channel" means a part by which two 
wells are connected to each other and through which 
cells migrate from one well to the other well. As will be 
described hereinafter, the channel is provided with a 
bank and, in the upper part of the bank, barriers consti- 
tuting one or more grooves having a width and/or a 
depth fit for the diameterordeformability of cells are pro- 
vided, or a plane is provided so as to give a gap fit for 
the diameter or deformability of cells between the plane 
and the glass substrate. The term "deformability" of cells 
means that, in case of flexible cells, the cells can easily 
change their shape (for example, into flat or string- 
shaped cells) owing to the flexibility and thus can pass 
through a gap having a smaller size than the diameter 
of the cells being in the inherent spherical shape in a 
free space. 

[0023] By forming the above gap, celts migrate be- 
yond the obstacle (i.e., the gap). Namely, the migration 
of the cells by their own actions is interfered so that the 
chemotaxis of the cells can be more accurately judged. 
Such a gap can be obtained by forming a bank or form- 
ing barriers constituting grooves on the t>ank. Thus, it 
becomes possible to easily establish the state wherein 
cells contained in the wells are brought together in the 
vicinity of the channel and aligned in the flow direction 
of the cells before the initiation of the migration. In case 
of forming grooves through which individual cells pass, 
it is possible to observe Individual cells and thus the cells 
can be classified depending on desired types. 
[0024] The present invention relates to a manner of 
connecting the wells to be used in the above^escribed 
apparatus for detecting chemotaxis of cells and sepa- 
rating chemotactic cells, the well structure and Uie chan- 
nel structure. 

[0025] Fig. 1 shows an example of an apparatus for 
detecting chemotaxis of cells and separating chemotac- 
tic cells having the well unit according to the present in- 
vention. Fig. 2 is a top plan view of the well unit em- 
ployed In the apparatus of Fig. 1 . In the examples shown 



by these figures, the well unit has welts 2A and 2B in 
which a cell suspension, a specimen solution, etc. is 
contained. In the upper face of a bank 10 partitioning 
these welts, a barrier 6 forming a groove 5 is provided. 
This well unit is tightly covered with an optically trans- 
parent glass substrate 8 to thereby form an enclosed 
space. In the present description, a partial structure in- 
volving the bank 10 and the barrier 6 constituting the 
groove 5 is called a channel. When a cell suspension is 
supplied into one (2A) of the wells 2, the celts tend to 
migrate toward the other well (2B) and thus pass 
through the channel in case where the well 2B contains 
a specimen solution of a chemotactic factor. The migra- 
tion state of the cells can be observed by a detector 13, 
for example, a microscope. In another example of using 
this apparatus, a suspension of a cell mixture containing 
various celts is put into the well 2A and a specific chem- 
otactic factor is introduced into the well 28. Then celts 
migrating from the well 2A to the well 2B are collected. 
Thus, cells reacting with the chemotactic factor can be 
selectively separated. 

[0026] Fig. 3 shows another example of an apparatus 
for detecting chemotaxis of cells and separating chem- 
otactic cells having the well unit according to the present 
inventk)n. The well unit has a channel 1 and wells 2A 
and 2B in which a sample such as a cell suspension or 
a specimen solution is contained. A sample is supplied 
into the welt 2A or 2B through a tube 3A or 3B with the 
use of a micropipette, etc. After the migration, cells are 
collected from the well 2A or 2B through the tube 3A or 
38 with a microplpette, etc. too. 
[0027] When a cell suspension (i.e., one of samples) 
is supplied into the well 2A through the tube 3A with a 
microplpette or the like, there arises a phenomenon that 
cells pass Uirough the channel 1 and thus enter into the 
well 28 due to the Injection liquid pressure, which brings 
at)out confusion in the judgment whether or not the mi- 
gration of the cells is caused by the chemotaxis of the 
specimen. In case where it is intended to separate cells, 
moreover, the desired cells are contaminated with other 
cells and thus the object cannot be achieved. When a 
spedmen solution is supplied into the well 2B through 
the tube 38 with a microplpette or the like, there also 
arises a phenomenon that cells pass through the chan- 
nel 1 and thus enter into the well 2A due to the injection 
liquid pressure, thereby contaminating the celt suspen- 
sion tlierein. Thus, tiie passage of the cells tiirough the 
channel 1 owing to the chemotaxis thereof is disturbed 
or inhibited. 

[0028] To solve this problem, another tubes 4 are pro- 
vided in connection to the tubes 3 respectively. In this 
structure, the injection pressure applied on the tubes 3 
is relieved in the direction of the tubes 4 and thus the 
forced passage of the cells toward the channel 1 can be 
prevented. By providing the tubes 4 connected to the 
tubes 3 through which a sample Is injected, the effect of 
the liquid pressure in the horizontal direction can be min- 
imized and tiius it can be accurately judged whether or 
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not the specimen solution has cheniotaxis. Relief of the 
pressure difference by the tubes 4 is also effective in 
relieving the reduction in pressure in the step of collect- 
ing a sample such as ceils from the wells. Thus the col- 
lection of the sample can be facilitated. s 
[0029] The present invention provides a well unit us- 
able in such an apparatus. Fig. 4 shows an example of 
the well unit according to the present Invention which is 
usable in the above-described apparatus. A well 2A has 
penetrating holes 3Aa and 4Aa respectively for mount- 
ing tubes 3A and 4A, while another well 2B has pene- 
trating holes 3Ba and 4Ba respectively for mounting 
tubes 3B and 48. 

[0030] Fig. 5(1) and (2) show other examples of an 
apparatus for detecting chemotaxis of celts and sepa- 
rating chemotactic cells having the well unit according 
to the present invention. In the apparatus of Fig. 5. a 
space 15 held In common by the top ends 3Ab and 3Bb 
oif tubes 3A and 3B Is fomied so as to lessen the effect 
of the pressure in the step of injecting a sample into the 
wells or collecting the sample from the wells, as shown 
by Fig. 5(1). By filling up the wells 2A and 2B, the tubes 
3A and 3B and the space 15 with a liquid not affecting 
the sample such as cells, the whole unit is maintained 
under a definite pressure. In the step of injecting or col- 
lecting the sample through the tube 3A or 3B, therefore, 
the pressure changes in the horizontal direction can be 
relieved. 

[0031] The well unit provided by the present Invention 
involves a well unit usable in such an apparatus. Fig. 5 
(2) shows an example of the well unit according to the 
present invention which is usable in the at)ove-de- 
scribed apparatus. A well 2A has a penetrating hole 3Aa 
for mounting a tube 3A, while another well 2B has a pen- 
etrating hole 3Ba for mounting a tube 3B. 
[0032] In an example of the application of the appa- 
ratus shown by Fig. 5, tubes 3A and 3B and connecting 
tubes 4A and 4B may be formed in wells 2A and 2B and 
a space for holding a liquid may be formed on the top 
ends of these tubes, as shown by Fig. 6(1). As Fig. 6(2) 
shows, each well has two penetrating holes In the well 
unit according to the present invention employed In this 
case. Fig. 6 shows an example of using a well unit in 
which no barrier is formed on a bank 10 in a channel 1. 
[0033] In the well unit according to the present Inven- 
tion, a plural number of wells can be jointed and con- 
nected to each other in various manners depending on 
the purpose. Well units wherein a plural number of wells 
2 are jointed and connected to each other each via a 
channel 1 in various manners are involved in the scope 
of the present invention (see Figs. 7 to 14). 
[0034] In the present Invention, moreover, It is also 
possible to design the well structure concerning the 
channel so that chemotaxis can be examined with the 
use of as a small amount of cells as possible (see Figs. 
15 and 16). 

[0035] In the channel 1 . it is preferable to form barriers 
constituting one or more (for example, about 20 to aboxA 



100) grooves having a width and/or a depth fit for the 
diameter or defomiability of cells. By providing these 
grooves, it becomes possible to control the diffusion of 
cells or specimens and thus the movements of cells can 
be more accurately observed at the level of individual 
cells. Formation of these grooves also facilitates the po- 
sition-adjustment of cells in the wells. That is to say. it 
becomes possible to easily achieve the state wherein 
the cells are brought together in the vicinity of the chan- 
nel and aligned in the flow direction of the cells before 
the initiation of the migration. In the welt unit according 
to the present Invention, various barrier structures may 
be employed depending on the purpose (see Figs. 19 
to 25). 

[0036] A terrace may be formed in the channel 1. By 
altering the terrace structure, cells having passed 
through the channel or under passage can be easily ob- 
served. It is also possible to control the position of cells 
to the channel in a well. The present Invention relates 
to the well units having these terrace structures (see 
Figs. 26 to 31). 

[0037] The well unit according to the present invention 
involves in its scope an integration of a plural number of 
units, referring wells jointed via a channel as a single 
unit (see Figs . 33 to 37). Integration of the well units 
makes it possible to fabricate an apparatus for detecting 
chemotaxis of cells and separating cells whereby plural 
types of cells or specimens can be treated at once. 
[0038] In an apparatus for detecting chemotaxis of 
cells and separating cells having the well unit according 
to the present invention, the migration of cells can be 
observed and the cells under passage through a chan- 
nel or having passed therethrough can be counted by 
providing the channel 1 with a detector, for example, a 
microscope as shown by Fig. 1 , 3, 5 or 6. By combining 
the microscope with a video camera or a CCD camera, 
the progress of the migration of the cells can be auto- 
matically recorded. 

[0039] Although tiie cells passing through the channel 
1 can be detected and counted by directly observing the 
cells under the microscope, the detection and counting 
can be easily performed by preliminarily labeling the 
cells with a luminous or fluorescent substance and then 
capturing the luminescence or fluorescence in a con- 
ventional manner. 

[0040] As will be described hereinafter, the present in- 
vention makes it possible to downsize the whole appa- 
ratus and thus samples can be treated In microquanti- 
ties. Moreover, it is possible to integrate multiplicity of 
units and thus a large number of specimens can be 
treated at the same time. In addition, the treatment can 
be easily automated through programmed control of 
suction and injection of liquids. 
[0041] The whole apparatus involving the units for 
supplying and collecting of cells, specimens and so on 
can be automated by combining a unit system made up 
of a single unit, an integrated unit consisting of a plural 
number of units of the same or different types or a plural 
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number of integrated units with a cell reservoir and a 
specimen reservoir together with, if needed, a pipette 
washing unit and sample supply pipette(s) for supplying 
cells or specimens which are mobile over these units, 
and further employing a mechanism for controlling the 
operations of these pipettes. It is furthermore possible 
to control the detector so that channels in a plural 
number of units are scanned along with the detector re- 
peatedly at definite intervals of time so as to detect the 
states of the cells and trace the cell movements with the 
passage of time. These controlling operations can be 
easily performed by computerized programming. 
[0042] Next, the structure of the well unit according to 
the present invention will be illustrated in greater detail. 

1) Structure of well unit 

[0043] As shown by Figs. 2, 4 and 6, It is preferable 
that a channel and wells are Integrally formed on a sub- 
strate 7. If needed, the substrate 7 has holes (penetrat- 
ing holes) for mounting tubes connected to respective 
wells. The channel is provided with a bank 10 . The up- 
per part of the bank may be flat or, alternatively, provided 
with barriers 6 constituting grooves 5 and, if needed, ter- 
races 11. 

[0044] By fonning the bank 1 0 or forming the barriers 
6 constituting the grooves 5 on the bank 10, it is possible 
to easily establish the sate wherein cells supplied into 
the wells are brought together In the vicinity of the chan- 
nel and aligned in the flow direction of the cells before 
the initiation of the migration. That is to say, by supplying 
a cell suspension in one of the wells and then sucking 
an appropriate amount of the liquid from the well located 
in the opposite side across the channel, cells are 
brought together In the vicinity of the channel. Owing to 
the bank 10 or the bank 10 and the barriers 6. the cells 
are aligned in the direction orthogonal to the flow direc- 
tion. Subsequentiy, a chemotactic factor is injected into 
the welt in the opposite side and thus the passage of the 
cells through the channel is initiated. In case where the 
cells are not brought together in the vicinity of channel 
or not in the aligned state, the cells move irregularly and 
thus the chemotaxis can be hardly detected definitely 
due to the so-called random movements of the cells. By 
using the well unit, an apparatus for detecting chemo- 
taxis of cells and separating cells may be fabricated by: 
1) placing a glass substrate 7 on a substrate 7 having 
wells and a channel (see Fig. 1); or 2) fastening a block 
9 having tubes accessing to penetrating holes to the 
substrate 7 having wells and a channel in such a manner 
that the tubes respectively accessing to the penetrating 
holes and then further pressing and fixing the glass sub- 
strate thereon (see Figs. 3, 5 and 6). The bk>ck 9, the 
substrate 7 and the glass substrate 8 may be pressed 
and fixed by fastening with an O-ring (see Fig. 39). 



2) Well 

[0045] Wells 2 have a structure in which a cell sus- 
pension, a specimen solution such as a chemotactic fac- 

5 tor-containing solution or an inhibitor-containing solu- 
tion can be held in a resting state. This structure is re- 
quired for accurately detecting tiie movements of cells 
by their own actions. The capacity of the wells is not 
particularly restricted, so long as a liquid can be held 

10 therein in the minimum amount needed. To hold 0.3 \l\ 
of a liquid, for example, wells of 0.1 mm in depth, 1.2 
mm in width and 2.5 mm in length are usable. 

3) Connection manner of wells via channel 

15 

[0046] To connect wells via a channel, use is com- 
monly made of the double system as shown by Figs. 2. 
4, 5(2) and 6(2) or the triple system as shown by Figs. 
7 and 8. Figs. 2 and 7 show examples wherein no pen- 

20 etrating hole is fonmed, white Figs. 4, 6 and 8 show ex- 
amples wherein penetrating holes are fonmed. In the ti> 
ple system, a relation among three substance can be 
examined at once by. for example, supplying a cell sus- 
pension, a solution containing an inhibitor and another 

25 solution containing a chemotactic factor respectively in- 
to the wells 2A. 2B and 2C. 

[0047] If needed, welts can be further jointed and con- 
nected. As the connecting manner, use may be made 
of a so-called concentric type In which a plural number 

30 of wells are connected to each other around a single 
well each via a channel as shown by Figs. 9 to 11. Also, 
use can be made of a concentric circular system as 
shown by Figs. 12 and 13. Figs . 12 and 13 show exam- 
ples of concentric circular type of the triple system. 

35 [0048] In the examples of Figs. 9 to 1 1 , a cell suspen- 
sion is supplied into the central well 2A and various 
specimens are supplied into the wells 2B^^. Thus, a plu- 
ral number of chemotactic factors can be detected at the 
same time. By supplying a sample containing cells of 

^ plural types into the welt 2A, furtiienmore. the cells can 
be separated depending on the types at once (i.e.. sort- 
ing). For example, chenrratactic factors corresponding to 
respective cell types are put into the wells 2B^^ and a 
sample containing plural types of cells (for example. 

<5 whole blood) is supplied into the central well 2A. Then 
the cells migrate toward the wells 28^^ containing the 
corresponding chemotactic factors. After a definite time, 
the celts are collected from each of the wells 2B^^. 
[0049] Fig. 14 shows an example wherein a plural 

50 number of wells are connected to each other each via 
a channel around a single well (2A) tocated at the center 
and, among these wells, at least a couple of wells (28^ 
and 282) are connected to another common well (2C) 
each via a channel. In this case, a cell suspension is 

55 supplied into the well 2A, a specimen solution containing 
a chemotactic factor is supplied into the well 2C and 
specimen solutk>ns containing different inhibitors are 
supplied into the wells 28^ and 2B2 respectively. Thus. 
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the properties of the inhibitors can be compared and ex- 
amined under the same conditions. 

4) Specific mode of well structure 

5 

[0050] When one of wells connected to each other via 
a channel (for example, the well in which cells are to be 
held) or both of these wells are provided with a wall or- 
thogonal thereto so as to restrict the amount of a liquid 
or a cell suspension in the vicinity of the channel, the 
positions of cells concerning the channel can be easily 
adjusted or the flow of a specimen sample can be easily 
controlled (Fig. 15). Fig. 15 shows an example wherein 
wells 2A and 2B are connected to each other via a chan- 
nel 1 and walls 14A and 14B are formed In respective 
wells orthogonally to the channel 1 . When cells are in- 
jected into the well 2A via a sample supplying tube 3A, 
a definite amount of cells are brought together between 
the wall 14A and the channel 1. Although the distance 
between the wall 14 and the channel 1 may be arbitrarily 
determined, it usually ranges from 50 to 300 fim. 
[0051] Fig. 16 shows modification examples of the 
well unit having walls provided orthogonally to a chan- 
nel. That Is, Fig. 16(1) shows an example wherein a 
channel is formed In a part of the well width; (2) shows 
an example wherein a channel is halved at the center, 
a couple of wells (2B, 2C) are provided opposite to a 
single well (2A) across the channel, and a wall 14A is 
formed exclusively in the well 2A side; and (3) shows an 
example wherein two arrays of barriers are formed in 
both sides of a terrace 11 In a channel. Needless to say, 
these modifications are cited merely by way of example 
and thus the present invention is not restricted thereto. 

5) Channel 

[0052] Now, examples of a channel 1 (Figs. 3, 5, 6 
and 8 to 16) will be Illustrated by reference to Figs. 1 to 
6, 17 and 18. A channel 1 forms a space, through which 
cells pass, between a bank 10 (a convex on a sut)strate 
7) partitioning wells 2A and 28 in both ends and a glass 
sut>strate 8. The upper part of the bank is flat (see Fig. 

6) or provided with barriers 6 constituting grooves 5 and, 
if needed, a ten^ce 11 . Fig, 17 shows an example of the 
structure as shown by Fig. 1 in an apparatus, while Fig. 
18 shows an example of the structure as shown by Fig. 
3 or 5 in an apparatus. 

[0053] The bank 1 0, which partitions the wells 2A and 
2B located in both ends of the channel 1 , is not particu- 
lady restricted in size. For example, the height of the 
bank 10 may range from about 0.03 to about 0.1 mm, 
while the length in the direction toward the opposite well 
may range from about 0.01 to about 0.5 mm and the 
length in the direction orthogonal to the direction toward 
the opposite well may k)e the same as the well width or 
shorter. 

[0054] In case where no barrier constituting grooves 
is formed in the upper part of the bank, a gap or a depth 



fit for the diameter or deformability of cells is provided 
between the upper fece of the bank and the glass sub- 
strate. In this case, the depth usually ranges from 3 to 
50 ^m depending on the type of cells. That is to say, the 
width may range from 3 to 10 ^m (for example, 6, 7, 8 
or 10 fun) in case of neutrophils, eosinophils, basophils, 
monocytes/macrophages. T cells, B cells and the like, 
and from 10 to 20 ^ In case of cancer cells and cells 
existing in tissues. 

6) Barrier and groove constituted by barrier in channel 

[0055] As Fig. 1 9 shows, barriers 6 may be fbmried on 
the upper face of the bank 1 0. Grooves 5 constituted by 
the barriers 6 may have an arbitrary cross-sectional 
shape, for example, a V-shaped section, a convex sec- 
tion or a semicircular section (see Fig. 20). 
[0056] The width of a groove 5 usually may range from 
3 to 50 (im. It is preferable that the width allows the pas- 
sage of cells one by one. Thus an appropriate width may 
be selected depending on the cell type. The width may 
range from 3 to 10 ^m (for example, 6, 7, 8 or 10 fun) in 
case of neutrophils, eosinophils, basophils, monocytes/ 
macrophages. T cells, B cells and the like, and from 10 
to 20 (im in case of cancer cells and cells existing in 
tissues. 

[0057] The depth of the grooves 5 (i.e., the height of 
the banners 6) may be appropriately determined de- 
pending on the depth of focus of a microscope. Altema- 
tively, the depth may be detenmined so as to alk>w the 
passage of cells one by one. It is also possible to adjust 
both of the width and height of the grooves respectively 
to such levels as allowing the passage of cells one by 
one. 

[0058] In case of adjusting the depth of the grooves 5 
within the depth of focus of a microscope employed in 
observing the cell migration, a depth of about 4.5 ^m is 
preferable at, for example, a focus depth of 10 to 40 X 
magnification, though the present invention is not re- 
stricted thereto. 

[0059] The number of the grooves 5 Is determined de- 
pending on the width of the barriers concerning the 
channel width and the groove width. In case where the 
channel width is 1 mm, the barrier width is 10 ^m and 
the groove width is 5 ^m, for example, the number of 
grooves is 66 at the largest To smoothly perform the 
detection and observation, the number of the grooves 
preferably ranges from 1 to about 100, preferably from 
about 10 to about 70. 

[0060] The length of the barriers 6 ranges from about 
5 to about 400 ^m. For example, use may be made of 
a barrier length of 5, 10. 20, 30. 40. 60, 100. 200, 300 
or 400 ^m. The width of the barriers 6 per se can be 
appropriately determined. In case of employing the 
structure as will be shown by Fig. 25 hereinafter, it Is 
effective that the wklth and length of the barriers are al- 
most the same. 

[0061] As Figs. 21 and 22 show, the grooves 5 con- 
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stituting the channel 1 may be connected to each other 
via one or nnore grooves 12 orthogonal to the direction 
toward the opposite well. Owing to this structure, cells 
under passage can be more accurately understood. In 
this case, the width of the grooves 5 may be changed 5 
stepwise each time the grooves intersect grooves 12 or- 
thogonal thereto in the direction toward the opposite 
well, as shown by Figs. 23 and 24. Fig. 23 shows an 
example wherein the width of the barriers per se is 
changed. As Fig. 24 shows, it is also possible that the 
width of the grooves 5 is changed by increasing or de- 
creasing the number of the barriers 6 in the same size. 
. [0062] As Fig. 25 shows, grooves 5 in the direction 
toward the opposite well may be formed by mutually 
shifting the positions thereof each time the grooves in- 
tersect grooves 12 orthogonal thereto. Fig. 25 shows a 
case wherein the grooves 5 toward the opposite well are 
formed as shifting by 1/2 pitch each time the grooves 
intersect grooves 12 orthogonal thereto, as in 5a and 
5b. By forming the grooves 5 in this manner, a specimen 
solution containing a chemotactic factor or an inhibitor 
can be sufficiently diffused. As a result, the specimen 
solution can be uniformly distributed in the direction to- 
ward the opposite channel and. at the same time, an 
increase/a decrease in pressure caused by the injection 
and collection of ceils or specimens can be efficiently 
avoided. 

[0063] As Fig. 26 shows, the barrier may be jointed 
together in the direction toward the opposite well. 

7) Positioning mark in channel 

[0064] To detect the state of cells passing through a 
channel, a detector 13 retums onto a definite channel 
at definite intervals and thus the detection is repeated 
In some cases. For example, in an apparatus having an 
integration of a plural number of well units as wilt be de- 
scribed hereinafter, the channels of respective well units 
are scanned along with the detector 13 in order to detect 
the state of cells passing through the channels of re- 
spective units with the passage of time. In such a case, 
It is convenient to give a screen-positioning marie in a 
definite channel so that the same scope can be moni- 
tored on the screen each time. The mark may be In any 
shape, so long as the positioning can be facilitated 
thereby. Also, the merit may be given in any part, for 
example, in the upper part of the bank lO.ln any part In 
the terrace 11 as will be described hereinafter, or in the 
upper part of one of the baniers. Either one or more 
marks may be provided (see Figs. 27 and 28(1)). 

8) Tenrace in channel 

[0065] By providing a plane 11 on the upper face of 
the bank as shown by Figs. 1 and 2, the passage of cells 
can be easily observed. (This plane will be refenred to 
as a terrace.) It is preferable to provkJe this terrace 11, 
though being not essentially required. In case of forming 



terraces 11 in both sides of arrays of the baniers 6 as 
shown by Fig. 2, the length of the terraces in the direc- 
tion toward the opposite well may appropriately range 
from about 0.03 mm to about 0.4 mm. As Fig. 27 shows, 
one {11.i) of the terraces (11.-| and II.2) formed in txjth 
sides of the barrier arrays 6 may be longer than the other 
terrace (11.2)* This structure makes it possible to easily 
observe cells having passed through the channel. 
[0066] Although Fig. 27 shows an example wherein a 
mark (+) (23) is given on the upper face of the bank, this 
mark may be optionally provided. 
[0067] It is also possible that a terrace is fomied at 
the center of the bank and two arrays of baniers are pro- 
vided in both sides of the terrace (see Fig. 28). By using 
this structure, cells having passed through the channel 
can be held on the terrace for a longer time, which fa- 
cilitates the observation and counting of the cells. It is 
desirable that the terrace located at the center has an 
area which can be included In the microscopic field. Fig. 
28(1) is a top plan view while Fig. 28(2) is a sectional 
view. 

[0068] Although Fig. 28 shows an example wherein 
marks (23) are given at two positions for facilitating po- 
sitioning on screen, these marks may be optionally pro- 
vided. 

[0069] Figs. 29 to 31 show examples wherein terraces 
are formed in a channel in wells of the types shown by 
Figs. 15 and 16. In each of Figs. 29 to 31. (1) is a top 
plan view while (2) is a sectional view of the part indi- 
cated by a broken line In (1). Fig. 29 shows an example 
wherein terraces 11A and 118 are fbrnned in both sides 
of a channel to walls 14Aand 14B provided orthogonally 
to the channel. Fig. 30 shows an example wherein a ter- 
race 11 A is formed to a wall 14A orthogonal to a channel 
exclusively in one side of the channel, while a tenrace 
not extended to a wall 14B Is formed In the other side. 
Fig. 31 shows an example wherein, in a case of forming 
a wall 14A orthogonally to a channel exclusively in the 
side of a well 2A into which cells are injected, a terrace 
11 A is provided to the wall 14A. By fonning such a ter- 
race in a well unit of the type as shown by Fig. 1 5 or 1 6, 
the rapid diffusion of a chemotactic factor or an inhibitor 
can be prevented after the passage thereof from the well 
2B to the well 2A via the channel. In case of fomiing no 
such a terrace, the diffusion proceeds rapidly due to the 
large volume in the vicinity of the channel. 
[0070] By forming a multistage bank 10 (l.e., forming 
multistage terraces 11 of the bank 10) as shown by Fig. 
32, cells put into a well in one side can be easily brought 
together in the vicinity of the bank 10 by sucking from 
the other side. In case where the cells are neutrophils, 
eosinophils, basophils, etc., for example, the distance 
between the terraces 11.2and 11^ and a glass substrate 
8 (i.e., corresponding to the height of a banier 6 in the 
figure) is set to 3 ^m and the distance between the ter- 
races 11.1 '^'^-4 ^ 9'^^^ substrate 8 is set to 4.5 
^m. Then cells are supplied into a well 2A and the liquid 
is sucked from the side of another well 2B. In this case, 
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the cells once stop at the terrace 11.^ Next, the cells 
are liable to be brought together between the terrace 
11.2 ^® glass substrate 8. The distance t>etween 
each of the terraces 11.^ to II4 and the glass substrate 
8 can be arbitrarily detemiined depending on the cells 
to be treated. Although these distances usually range 
from 3 to 5 ^m, the present Invention is not restricted 
thereto. When the terrace (II.3) in the side opposite to 
the well containing the ceils is made about 1 .5 to 5 times 
longer than the terrace (11.2)'" the side of the well con- 
taining the cells, the cells having passed through the 
channel can be more easily observed and counted. 

9) Obstacle in channel 

[0071] As an example of the structure wherein, before 
supplying a chemotactic factor, cells are aligned fonA/ard 
along the start line in a well in the other side under the 
same conditions. It is proposed to fonm obstacles for 
controlling the migration of cells in a channel. 
[0072] The "obstacles" as used herein do not com- 
pletely block but restrict the cell migration. Although an 
anray of convexes and an an^y of triangular prisms or 
quadratic prisms may be cited as examples of the ob- 
stacles, they may be In any shape so long as the above 
object can be achieved thereby. It is favorable that the 
obstacles are formed in the upper part of the bank, 
though the present invention is not restricted thereto so 
long as the object can be achieved. In case where the 
whole upper face of the bank serves as a terrace without 
any barrier, the obstacles may be formed ck)se to an 
end thereof (see Fig. 40(1)). In case where bamers and 
a terrace are formed on the upper face of the bank, the 
obstacles may be formed in the well side of the terrace 
In parallel to the barrier array(s) (see Fig. 40 (2) to (4)). 
[0073] In Fig. 40 (1), (2) and (4), an array of convexes 
is employed as the obstacles. In Fig. 40(3), an array of 
triangular prisms is employed as the obstacles. 
[0074] The height of the obstacles may be the same 
as the length fitting for the diameter or defonmability of 
cells or amounts to 1/4 to 1/2 thereof. The Intervals 
among the obstacles may be the same as the length 
fitting for the diameter or deformability of cells. In case 
where the obstacles are lower, the intervals may be 
shortened. 

10) Arrangement of multiplicity of units 

[0075] By referring a plural number of wells connected 
to each other each via a channel as a single unit, a plural 
number of units may be arranged and integrated. Thus, 
a well unit whereby a large number of specimens can 
be treated at the same time can be obtained. The ar- 
rangement and integration can be made in various types 
depending on the purpose, for example, units of the 
same type are arranged in parallel (e.g.. Figs. 33 to 35), 
or circularly (e.g., Fig. 36), or units of different types are 
arranged (e.g., Fig. 37). Next, the types of the arrange- 



ment and integration will be described by reference to 
respective figures. However, it is to be understood that 
the present invention is not construed as being restrict- 
ed thereto and thus various combinations may be also 

5 employed depending on the purpose. 

[0076] Figs. 33 and 34 show examples wherein 12 
well units each having a couple of wells connected via 
a channel as shown by Fig. 3 are mounted on a square 
substrate 7 (16 mm x 16 mm). The units are each 5.7 

10 mm in the major sides and 1 .2 mm in the minor sides 
and located at intervals of 0.8 mm. In the example of 
Fig. 33, square penetrating holes 3a and 3b are formed 
in the substrate 7, while round penetrating holes are 
formed in the example of Fig. 34. 

15 [0077] Fig. 35 shows an example wherein 12 well 
units of the type as shown by Fig. 15 are mounted on a 
substrate 7. 

[0078] Fig. 36 shows an example wherein independ- 
ent double system well units are integrated circularly. 

20 Although each well has penetrating holes in the example 
of Fig. 36, it is needless to say that some wells may have 
no penetrating hole. Conceming the size, for example, 
the width of wells 2A and 2B in the radial direction is 1 .5 
mm, the channel wklth Is 0.5 mm and the groove width 

25 is 10 ^m. In this case, the radius of the whole unit Is 5.0 
mm. As a matter of course, the size can be changed 
depending on the purpose. 

[0079] Fig. 37 shows an example wherein the integra- 
tions composed of multiplicity of units as shown by Figs. 

30 33 to 36 are further integrated. In Fig. 37, squares rep- 
resented by A^^. B^^, C^^ and D^^ respectivety corre- 
spond to the integrations of well units of Figs. 33 to 36. 
In this case, the arrays A, B, C and D are integrations 
of units of different types. 

35 [0080] In case of integrating multiplicity of units, a sin- 
gle bk)ck 9 can be provided so as to connect tubes to 
all of the units. Similariy, a single glass substrate 8 can 
be used as a whole. 

^ 11) Construction of well and channel 

[0081] As a material of the substrate 7, it is preferable 

to use single-crystal silicon which can be easily fine 
processed and is relatively inert to cells. The barriers 6 

45 and the grooves 5 in the channel 1 can be constructed 
by subjecting the single-crystal silicon to photolithogra- 
phy or etching (for example, wet etching or dry etching) 
empbyed in manufacturing integrated circuits. The 
wells 2 and the penetrating holes 3a and 4a, which are 

50 larger than the barriers 6 and the grooves 5, can be con- 
structed by using various known engineering tech- 
niques such as sand blasting and dry etching. In addition 
to single-crystal silicon, use can be made of hard glass- 
es, hard plastics, metals, etc.. so long as a microstruc- 

55 ture can be constructed in the channel. In case of using 
plastics, it is preferable to empby a treatment for making 
the surface hydrophilic, for example, forming a hy- 
drophilic film on the surface. It is also possible to sepa- 
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rately construct the channel 1 and the wells 2 and then 
combine them together. 

[0082] Now, an example of the production process by 
wet etching will be Illustrated by reference to Fig. 38. 
First, grooves 5 are formed in a part of a single-crystal 5 
silicon substrate (1) as shown in (2) and (3), wherein (2) 
Is a top plan view while (3) is a sectional view along the 
broken line. Next, the whole construct excluding the 
grooves 5 and the barriers 6 is cut downward by the 
height of the barrier (for example, 4.5 (im) as shown in 
(4). Subsequently, the construct is further cut down- 
ward, while a bank 10 is left at the center to fonm wells 
2A and 2B as shown In (5). If necessary, penetrating 
holes 3a and 4a are formed at the bottom of the wells 
by sand blasting or the like, as shown in (6). (7) is a top 
plan view of the construct of (6). A substrate having in- 
tegrated well units can be constructed in the same man- 
ner. 

12) Fabrication of apparatus for detecting chemotaxts 
of cells and separating cells 

[0083] An apparatus for detecting chemotaxis of cells 
and separating cells with the use of the well unit accord- 
ing to the present inventton can be febricated as follows. 
An apparatus of the type as shown by Fig. 1 can be fab- 
ricated by combining a substrate 7 with a glass substrate 
8, while an apparatus of the type as shown by Figs. 3 
and 5 can be fabricated by combining a substrate 7, a 
glass substrate 8 and a block 9. 
[0084] As shown by Figs. 3, 5 and 6, the block 9 Is a 
member having tubes connected to wells. If mechani- 
cally possible, the tubes can be directly mounted to the 
penetrating holes 3a and 4a of the wells. In this case, 
no block Is needed. The tubes 3 and 4 usually have a 
square or round cross-sectional shape. Although these 
tubes are not restricted in size, a square tube has a side 
length of about 1 mm while a round tube has a diameter 
of about 1 mm in usual. To hold a cell suspension or a 
specimen solutbn in a desired volume. It is necessary 
that these tubes have a length of about 2 to 10 mm. 
[0085] The materials of the bkxdc or tubes may be se- 
lected from among glasses, plastics such as acrylic res- 
ins and metals. The block and tubes can be easily pro- 
duced by using commonly employed engineering tech- 
niques such as mechanical drilling or laser drilling. Al- 
ternatively, the block and tubes can be produced by ir- 
radiating a photopolymer resin with light and then elim- 
inating the unsensrtized parts by dissoh^ing in a solvent 
while leaving the sensitized parts. 
[0086] As shown by Figs. 1 . 3, 5 and 6. the glass sub- 
strate 8 Is tightly pressed on the substrate 7 to provide 
a space in which a liquid is contained, thereby enabling 
the observation of cells passing through the channel. 
Thus, the glass substrate 8 should remain optically 
transparent and flat. It is also favorable that cells adhere 
to the glass substrate 8. Use can be made therefor of 
glass and plastics such as transparent acrylic resins, so 
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long as the above objects can be achieved thereby. Its 
thickness adequately ranges from 1 to 2 mm, though the 
present invention is not restricted thereto. 
[0087] Fig. 39 shows an example of the fabrication of 
an apparatus for detecting chemotaxis of cells and sep- 
arating chemotactic cells by using the well units accord- 
ing to the present invention. A substrate having well 
units formed thereon, a packing 16 and a block 9 cov- 
ering it are placed between a cover cap 17 and an in- 
termediate base 21. A glass substrate 8 is placed be- 
tween the intermediate base 21 and a t)ottom base 22 
and fastened with screws. The locatk>ns of the block 9 
and the substrate 7 are specified by the Intermediate 
base 21 and fixed by guide pin receiver holes 19 pro- 
vided at the bottom face of the block. Alternatively, the 
substrate 7 may be directly pressed and fixed to the 
block 9. 

13) Detection means 

[0088] The detection means to be used in the present 
Invention is a means of detecting cells which are passing 
through a channel or have passed therethrough. If nec- 
essary, it Invoh^es a means of recording the detection 
data. Any means known as a means of detecting and 
recording cells is usable therefor. Use can be made of, 
for example, a microscope optionally combined with a 
video camera. It is also possible to employ a system 
having an objective lens provided with a CCD camera. 
For the detectton in Integrated units, it is preferable to 
employ a system wherein the channels of the units are 
successively scanned along with an objective lens. 
[0089] As shown by Figs. 1,3,5 and 6, the detection 
means is provided in a channel of a unit. In an apparatus 
having multiplicity of units integrated together, it Is also 
possible to employ a system wherein the detector 
moves successively over the arrays of the units for de- 
tection and recording. In this case, the channels of the 
aligned units are scanned with the detector. Thus, the 
detection in each channel can be canied out at definite 
intervals of time and the movements of cells can be 
monitored with the passage of time. Either one or more 
scanning detectors may be employed. Owing to this 
constitution, a relatively small number of detectors suf- 
fice for the detection in multiplicity of integrated units. 
[0090] Cells which are passing or have passed 
through a channel can be detected and counted by di- 
rectly observing the cells with a microscope, a CCD 
camera, a CCD video camera, etc. Altematively, the de- 
tection and counting can be easily performed by prelinv 
inarily labeling the cells with a luminous or fluorescent 
substance and then capturing the luminescence or flu- 
orescence in a conventional manner. 



[0091] Use of the well unit according to the present 
Invention makes it possible to fabricate an apparatus for 
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detecting chemotaxis of cells and separating cells ap- 
propriate for various purposes. For example, an appa- 
ratus which scarcely suffers from a pressure change (an 
increase in pressure) in the horizontal direction at the 
step of injecting a sample and thus shows little migration 
of specimens or cells due to external pressure can be 
obtained thereby. By using such an apparatus whereby 
movements of cells by their own actions can be accu- 
rately understood, quantitative and qualitative data cer- 
tainly reflecting the effect of a chemotactic factor or an 
inhibitor and the properties of cells can be obtained. 
[0092] In a Boyden chamber, random movements of 
cells are also captured and thus the background without 
any chemotactic factor becomes high. In an apparatus 
with the use of the well unit according to the present 
invention, in contrast thereto, a background of almost 
zero can be established and thus a high quantitative ac- 
curacy can be achieved. 

[0093] The well unit according to the present invention 
is suitable for treating samples in microquantities. 
Namely, samples can be used in an amount 1/10 to 
1/1000 times as much in the conventional cases with 
the use of a Boyden chamber By using whole blood as 
a sample, for example, measurement can be made by 
using 0. 1 \i\ of blood in case of detecting the chemotaxis 
of neutrophils and about 1 ^1 of blood in case eosi- 
nophils, monocytes or basophils. 
[0094] Moreover, the well unit according to the 
present Inventton can be in a microsize and thus multi- 
plicity of the units can be Integrated together, which 
brings about a merit that an apparatus whereby a large 
number of samples can be simultaneously treated can 
be fabricated. 

[0095] The well unit according to the present invention 
is suitable for moving definite cells from a cell suspen- 
sion containing plural types of cells and then collecting 
the definite cells from a well. Thus, target cells can be 
surety collected. 

[0096] In the well unit according to the present inven- 
tion, movements of individual cells can be easily under- 
stood by forming a bank in a channel 1 , by providing the 
bank with grooves 5 in various modes having a wkJth 
and/or a depth fit for the diameter or deformability of 
celts, or by providing the bank with a plane so as to give 
a gap fit for the diameter or deformability of cells. By 
forming the bank or by provkJing the bank with barriers 
constituting grooves, moreover, it is possible to easily 
bring together the cells held in the well in the vicinity of 
the channel and align them in the flow direction of the 
cells before the initiation of migration, which enhances 
the accuracy in detecting tiie chemotaxis of the cells. 
[0097] In the well unit according to the present inven- 
tion, the chemotaxis of a part of blood cells anfiong var- 
ious cells in a sample containing plural types of cells (for 
example, whole blood) can be examined without prelinv 
inarily separating them. By selecting appropriate chem- 
otactic factors, furthermore, cells in a sample containing 
plural types of cells can be classified depending on the 



types. 



Claims 

5 

1 . A well unit to be used in an apparatus for detecting 
chemotaxis of cells and separating cells character- 
ized in that a plural number of wells. In which a liq- 
uid sample can be held in a resting state, are con- 

10 nected to each other via a channel, the channel is 
provided with a bank, the wells are formed so as to 
tightly bond to a glass substrate, and. In the upper 
part of the bank, baniers constituting one or more 
grooves having a widtii and/or a depth fit for the dl- 

15 ameter or defomnability of cells are provided, or a 
plane is provided so as to give a gap fit for the di- 
ameter or deformability of cells between the plane 
and the glass substrate. 

20 2. The well unit as claimed in claim 1 characterized 
in that a plural number of wells, in which a liquid 
sample can be held in a resting state, are connected 
to each other via a channel, the channel is provided 
with a bank and. in the upper part of the bank, bar- 

25 riers constituting one or more grooves having a 
width and/or a depth fit for the diameter or deform- 
ability of cells are provided. 

3. The well unit as claimed in claim 1 characterized 
30 in that a plural number of wells are connected in 

series to each other via a channel. 

4. The well unit as claimed in claim 1 characterized 
in that a plural number of wells are connected to a 

35 single well each via a channel. 

5. The well unit as claimed in claim 4 characterized 
in that, among a plural number of wells connected 
to a single well each via a channel, at least two wells 

^ are connected to another common well each via a 
channel. 

6. The well unit as claimed in claim 1 characterized 
in that a plural number of wells are wells holding a 

45 cell suspension and wells holding a solution con- 
taining a chemotactic factor. 

7. The well unit as claimed in claim 1 characterized 
In that a plural number of wells are wells holding a 

50 cell suspension, wells holding a solution containing 
a chemotactic factor, and wells holding a solution 
containing a chemotactic factor inhibitor. 

8. The well unit as claimed in claim 1 characterized 
55 in that a wall orthogonal to the channel is provided 

in one or boUi of wells connected to each other via 
the channel to restrict the amount of the liquid in the 
vicinity of the channel. 
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9. 



The well unit as claimed in daim 8 characterized 
in that a tenrace Is formed to one or both of the walls 
formed orthogonally to the channel. 



chemotaxis of cells and separating cells character- 
ized in that the well units as claimed In claims 1 to 
18 are each refen^d to as a single unit and a plural 
number of units of one or more types are integrated. 



10. The welt unit as claimed in claim 1 characterized s 
In that a screen-positioning mari( for detecting cells 

is given on any point in the upper part of the bank. 

11. The well unit as claimed in claim 1 characterized 
in that a muftistage bank is formed in the channel, 

12. The welt unit as claimed In claim 2 characterized 
in that the grooves fbnned in the channel are con- 
nected to each other via one or more grooves or- 
thogonal to the direction toward the opposite well, is 

13. The well unit as claimed In claim 12 characterized 
in that the width of a plural number of grooves In 
the directk)n toward the opposite well In the channel 

is changed stepwise each time the grooves inter- 20 
sect one or more grooves orthogonal thereto. 

14. The well unit as claimed in claim 12 characterized 
in that a plural number of grooves in the direction 
toward the opposite well In the channel are formed 25 

by mutually shifting the positions thereof each time 
the grooves intersect one or more grooves orthog- 
onal thereto. 

15. The well unit as claimed In daim 2 characterized 30 
in that ten^ces are formed in the front and the rear 

of an array of barriers constituting one or more 
grooves having a width and/or a depth fit for the di- 
ameter or defomiability of cells in the channel and 
the terrace in the cell flow direction is longer than 3S 
the other terrace. 

16. The well unit as claimed in claim 2 characterized 
in that a terrace is formed at the center in the chan- 
nel, arrays of barriers constituting one or more ^ 
grooves having a width and/or a depth fit for the di- 
ameter or deformability of cells are formed at two 
positions in both sides of the terrace, and, if desired, 
tenraces are further formed outside the barrier ar- 
rays. <5 

17. A well unit as dalmed in daim 1 characterized in 
that obstacles for controlling the migration of cells 
in the step of aligning the cells along the start line 
are formed orthogonally to the direction toward the so 
opposite well. 

18. A well unit as dalmed in daim 2 characterized in 
that obstacles for controlling the migration of cells 

in the step of aligning the cells along the start line S5 
are fonmed in parallel to the arrays of barriers. 

19. A well unit to be used in an apparatus for detecting 
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